Background. The challenge of obtaining medical imaging in individuals with higher body mass index (BMI) is described, but there is minimal data regarding the relationship between BMI and fluoroscopy time during cervical interlaminar epidural steroid injection (CIESI).
Methods. Retrospective cohort study of patients who underwent fluoroscopically guided CIESI between January 2014 and February 2015 at an academic pain medicine center. Fluoroscopy time data were collected. Comparisons based on analysis of variance were made between patients with normal (<25.0 kg/m Introduction Cervical interlaminar epidural steroid injection (CIESI) is a commonly performed procedure for treating radicular pain symptoms not alleviated with conservative management options [1] [2] [3] [4] [5] . CIESIs are performed by inserting a needle percutaneously into the neck dorsally between the laminae of adjacent vertebrae until the ligamentum flavum is penetrated. The distance to the epidural space and the dimensions of the epidural space are unique and vary depending on the patient body habitus [6] [7] [8] . The width of the cervical epidural space itself is very small (1-3 mm) [9] , and in the cervical spine the volume of the epidural space can be much smaller compared with the lumbar spine, with a higher incidence of discontinuity in the ligamentum flavum often seen [10, 11] .
Because of the presence of multiple densely organized neurovascular structures in the region of the cervical epidural space, inaccurate CIESI can lead to severe complications [12, 13] . Given the high level of technical precision required for a CIESI, image guidance is essential to safely and effectively perform this procedure. In fact, the Multispecialty Working Group has recommended that all CIESIs be performed using fluoroscopic guidance [14] . The use of fluoroscopic guidance in CIESIs, however, is not without its drawbacks as patients and practitioners are exposed to ionizing radiation. Cumulative radiation exposure may pose a health hazard to both patients and providers [15] [16] [17] [18] . Proceduralists should apply the principle of using a radiation dose "as low as reasonably achievable" [19] [20] [21] during image-guided procedures. However, in obese patients or technically challenging CIESIs, repeat imaging or additional views may cause prolonged radiation exposure in the effort to ensure appropriate needle placement [22, 23] .
The challenge of obtaining medical imaging in individuals with higher body mass index (BMI) has been described [24, 25] . BMI is associated with longer fluoroscopy time and radiation dose in various endovascular and percutaneous procedures [26] [27] [28] [29] , joint injections [30] [31] [32] , and lumbar epidural steroid injections [33, 34] , but there is a paucity of data regarding the relationship between BMI and fluoroscopy time during CIESI. In this study, we aimed to determine the relationship between BMI and fluoroscopy time during CIESIs performed for a pain indication. Additionally, we investigated the effect of epidural catheter use, first time vs repeat injection, spinal level of injection, and trainee involvement in the procedure on fluoroscopy time.
Methods

Data Collection and Coding
The Northwestern University Institutional Review Board approved this retrospective cohort study. All patients were seen at an urban, academic pain medicine center situated within a tertiary hospital system. The electronic medical record was queried using current procedural terminology code 62310 to identify eligible procedures for possible inclusion. Consecutive procedure encounters between January 2014 and February 2015 were included for analysis if they met criteria: 1) fluoroscopically guided CIESI performed, 2) presence of documented fluoroscopy time from the procedure, and 3) presence of documented height and weight measurements or a BMI calculation within six months of the encounter. Procedure encounters lacking any of these criteria were excluded from analysis.
Fluoroscopy times were recorded directly from the fluoroscope at the time of each procedure by the radiology technician, with transfer into the electronic medical record on the date of service. Fluoroscopy time encompassed the amount of time that the x-ray beam was "on," as recorded by the fluoroscopy unit, for all scout imaging, needle position confirmation, and direct observation of contrast. The following data were obtained from the medical record: age, sex, BMI, use of an epidural catheter, spinal level of injection, first time vs repeat injection, trainee involvement, trainee duration of training, and percentage of improvement in the numerical rating scale (NRS) pain score from pre-to immediately postinjection (in the recovery room immediately before discharge). Immediate complications were recorded after injection by the attending physician and entered into the medical record on the date of service. . The mean fluoroscopy time required for each procedure encounter was compared between these categories. Subanalysis of the primary results was performed according to: 1) use of an epidural catheter (yes vs no), 2) level of injection (i.e., C7-T1 for all cases without the use of an epidural catheter; C6-C7 or rostral with the use of a catheter), 3) injection number (first vs repeat), 4) trainee involvement (yes vs no), and 5) new trainee involvement (defined as July or August-the beginning of the new academic year, yes vs no).
Procedures
All procedures were performed in an academic teaching facility. All attending physicians who performed CIESIs were board certified in anesthesiology, with additional subspecialty board certification in pain medicine. A total of nine physicians with three to 38 years of interventional pain management experience with the procedure performed the CIESIs. Trainees in an Accreditation Council for Graduate Medical Education (ACGME)-accredited Multidisciplinary Pain Medicine fellowship participated in the procedures in 93% of cases. An attending physician supervised and/or personally performed all of the injections.
The following protocol was used during CIESI: Patients were positioned prone on a fluoroscopy table, and the cervical spine region was prepped with chlorhexidine and draped in a standard sterile manner. All procedures were performed with strict sterile technique. After injection of 1-4 mL of 1% lidocaine to the skin and subcutaneous tissues, a sterile, 17 G or 20 G 3.5 inch Tuohy needle was placed at the C7-T1 level using a fluoroscopically guided, interlaminar approach with a loss of resistance technique, confirming needle position in anterior-posterior (AP) and lateral views. Once loss of resistance was obtained and correct needle placement was confirmed in both AP and lateral fluoroscopic views, approximately 0.3-0.5 mL of contrast (Iohexal [Omnipaque] 180, GE Healthcare, Princeton, NJ, USA) was injected through microbore tubing under live fluoroscopic observation. Depending on the preference of the attending physician, the injectate was either administered through the Tuohy needle or a radiopaque, softtip, styleted 19 g catheter (TheraCath, Arrow International Inc, Reading, PA, USA) was introduced through the Tuohy needle and advanced to the level of pathology based on clinical correlation of symptoms/ signs and magnetic resonance imaging findings. Either 2 mL of triamcinolone acetonide (40 mg/mL), methylprednisolone acetate (40 mg/mL), or dexamethasone (4 mg/mL) was diluted in 1-2mL of either normal saline or 1% lidocaine. Digital subtraction technology was used at the discretion of the attending physician in about 1% of cases. Collimation of the x-ray beam was used in all cases.
Statistical Analysis
A statistical software package was used to analyze the data (PSPP, Version 0.8.4; Gnu Project, Boston, MA, USA), which were checked for implausible values and distributional form using summary statistics and graphical displays. No implausible values were identified. Groups were compared with analysis of variance (ANOVA) testing for continuous variables and v 2 tests for categorical variables. Post hoc testing was performed by Tukey Honestly Significant Difference for significant ANOVA findings. The level of significance was set at 0.05. Improvement in NRS pain was calculated as the difference between the pre-and postinjection scores divided by the pre-injection score, multiplied by 100%.
Results Table 1 provides the complete demographic and procedure information for the injection encounters analyzed. A total of 399 procedure encounters were identified. Thirty-three encounters (8%) were excluded from analysis due to missing BMI or fluoroscopy time data, leaving 366 encounters that met inclusion criteria and were thus analyzed. This sample included procedures on patients with a mean age of 53 613 (SD) years, 189 (52%) female and 177 (48%) male. An epidural catheter was used in 175 injections (48%). The mean fluoroscopy time for all injections was 18 seconds. There were 205 first-time injections and 161 repeat injections. Figure 1 shows the fluoroscopy time for each individual injection, plotted by BMI. Table 2 shows the relationship between fluoroscopy time during injection and BMI stratified by normal weight, overweight, and obese BMI, as well as subanalyses. Separated by BMI group, the mean fluoroscopy time was 18 6 9 seconds for normal weight patients (n ¼ 135), 17 6 10 seconds for overweight patients (n ¼ 130), and 20 6 11 seconds for obese patients (n ¼ 101), respectively, showing a significant difference between groups (P ¼ 0.03). Post hoc testing revealed that a significant difference between overweight and obese patients existed (P ¼ 0.02), but not between obese patients and those with a normal BMI (P ¼ 0.12). The mean fluoroscopy time for injections performed with a catheter was 19 6 11 seconds, and this was found to be statistically significantly longer in duration than injections where catheters were not used (17 6 9, P ¼ 0.01). Sixty-two percent of subjects who had the procedure performed with a catheter obtained more than 50% pain relief immediately after the procedure, which was not significantly different from those without a catheter used (50%, P ¼ 0.12). There was no significant difference in fluoroscopy time between first time and repeat injections (P ¼ 0.12). Trainee involvement did not significantly alter fluoroscopy time (P ¼ 0.13 for all patients, P ¼ 0.73 for obese patients). Furthermore, there was no interaction between BMI and trainee presence on fluoroscopy time (0.81). The average pre-injection pain score was 5.4 on NRS assessment, and the average immediate postinjection NRS pain score was 2.3, or a 57% improvement. Fifty-five percent of all subjects reported at least 50% immediate reduction in pain, with no difference between BMI groups (P ¼ 0.57). Attending physicians took varying amounts of fluoroscopic time per patient (range ¼ 11.5-24.2 seconds per patient, P < 0.001). There were no serious immediate complications reported.
Discussion
The reported data represent the largest sample of cervical interlaminar epidural steroid injection fluoroscopy times as related to BMI to date. These findings serve as an estimate of typical fluoroscopy times during CIESI in an academic pain practice. The data showed a significant increase in fluoroscopy time associated with obese BMI compared with overweight BMI during CIESI; however, the magnitude of difference was small. The lack of significant difference in fluoroscopy time between the normal weight and obese subgroups suggests that the difference seen between overweight and obese patients may be related to factors other than BMI. For example, the overweight subgroup was significantly younger than both the normal weight and obese subgroups (P ¼ 0.02). Epidural injections may require more fluoroscopy time in older patients due to a greater prevalence and severity of degenerative changes [37] that potentially make epidural access more difficult.
Fluoroscopy time and BMI appear to have a stronger relationship during injection procedures in the lumbar spine and pelvic/hip girdle [30] [31] [32] [33] [34] [35] [36] as compared with (52); 177 (48) 88 (65); 47 (35) 47 (36); 83 (64) 54 (53) 175 (48) 57 (42) 68 (52) 50 (50) 0.26 Repeat injection, N (%)
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the present data during CIESI procedures. This may be due to greater propensity of waist-line girth compared with neck girth expansion with increasing BMI [38] , resulting in larger magnitude increases in skin to target distances in the lumbopelvic region compared with the cervical region.
It is important to acknowledge that the present data reflect fluoroscopy time but not radiation dose exposure. Greater radiation exposure per unit of time occurs in patients with a higher BMI because the effective dose of radiation must be increased to allow for deeper tissue penetration and clearer imaging [39, 40] . Fluoroscopic dose was not recorded in this data set, but radiation exposure is likely larger per second of fluoroscopic time for those with elevated BMI due to this fact. It is unclear whether the intermittent radiation exposure from CIESIs can lead to adverse outcomes for patients [41] . On average, Americans receive a radiation dose of about 6.2 mSv each year. About half of this dose comes from natural background radiation emanating from the earth, and the other half comes from man-made sources like medical, commercial, and industrial radiation [41] . The National Council on Radiation Protection and Measurements has recommended an annual occupational limit of 50 mSv [42] . Even with the difference in fluoroscopy time seen in this study between patient groups, the added radiation from the increased fluoroscopy time would likely represent an insignificant amount of radiation relevant to the annual average radiation dose.
In contrast to patients who will likely only receive a few CIESIs over their lifetime, medical staff performing these procedures are exposed to these levels of radiation on a regular, per-patient basis. While the radiation exposure to staff may be within an acceptable range during an individual procedure [43, 44] , the health risks of radiation exposure are cumulative [18, 45, 46] and thus the impact of obesity, as well as any other circumstances that would increase the relative fluoroscopy time per procedure, may be concerning when summated over decades of interventional practice [39] . It is also important for physicians to be mindful that the patients they are treating may be exposed to additional radiation for diagnosis or treatment being provided by another practitioner. There have been many studies addressing ways to reduce radiation exposure to both patients and practitioners during interventional spine procedures [20, [47] [48] [49] [50] [51] [52] [53] [54] [55] , though many of these focus on the lumbar spine. Only two studies have looked specifically at radiation exposure related to cervical epidural injections [56, 57] ; however, both studies evaluated the radiation from CTfluoroscopy rather than conventional fluoroscopy, which was used in our study.
There are several limitations to this study. First, this is a retrospective analysis and may be subject to documentation errors or omissions based on available data. Some of the potential bias encountered in this retrospective study, however, is mitigated by the fact that data were queried from a prospectively collected database, which was created specifically for the purpose of systematic research. Second, there were multiple physicians of varying duration of clinical experience who performed or supervised the CIESI injections. Physician preference also varied with regard to catheter use; some physicians consistently used catheters for injection at higher cervical levels, while others did not or only did so in rare cases. While this possibly increases the variability of the present results, it may also strengthen the generalizability of the procedure and the applicability of the positive findings. It should also be noted that neither a contralateral oblique view nor a "swimmer's view" was used in this study. Both of these views have been shown to provide better definition of anatomy and improved needle visualization, especially in patients with a larger body habitus [22, 23] . Potentially, fluoroscopy time could be decreased using one of these views. Because increased emission from the C-arm is required to pass through a larger tissue mass to reach the detector [24, [58] [59] [60] , fluoroscopy times do not directly correlate with an increased radiation dose. Further studies are required to determine the relationship between radiation dose exposure and BMI during CIESI. As less than 1% of cases in this series were performed with digital subtraction technology, we cannot infer a relationship between this technology, fluoroscopy times, and BMI. Because digital subtraction technology is known to increase radiation dose [61] , further study is needed to define how patterns and quantity of use of digital subtraction technology are affected by body habitus during CIESI. Finally, as there was a very low percentage of injections without involvement of trainees (7%), this may limit the applicability to private practice injections.
Conclusions
The findings of this study indicate that BMI does not appear to have a clinically significant impact on fluoroscopy time during cervical interlaminar epidural steroid injection procedures. Future study is needed to directly quantify radiation exposure in both patients and practitioners during cervical interlaminar epidural injection procedures, as well as the associated clinical significance and health risk.
